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Survival and Growth of Seedlings 
of Scots Pine Provenances 
at Varying Nutrient Levels 
JAMES H. BROWN1 
INTRODUCTION 
Scots pine (Pinus sylvestris L.) is one of the most widely distributed 
tree species in the world. Within its natural range it shows wide varia-
tion which has been the subject of a number of provenance studies empha-
sizing such traits as growth rate, stem form, needle length and color, win-
ter injury, etc. (13, 14, 15). A few studies have shown distinct differ-
ences between Scots pine provenances in root systems ( 2) and in reaction 
to cultural treatments ( 1, 3) . 
Many differences between Scots pine provenances have been related 
to environmental conditions, particularly temperature and moisture, in 
the area of origin. Provenances also evolved under widely diverse soil 
conditions and it is probable that nutrient requirements vary accordingly. 
Investigations with Scots pine have shown that different provenances 
grown on the same site or under uniform greenhouse conditions varied 
significantly in their uptake and foliar concentrations of various elements 
(5, 11, 12). 
Ingestad ( 6, 7, 8, 9) has shown that seedlings of Scots pine, Pice a 
abies, and Betula verrucosa grow best in a root medium containing differ-
ent total nutrient concentrations but the same ratio of one element to an-
other (Table 1). Maximum shoot growth of seedlings usually occurred 
at nutrient concentrations above those for best root growth. Best quality 
Scots pine seedlings having sufficient top growth and good top-root bal-
ance were produced when nitrogen in the root medium was maintained 
at 50 ppm, with a total elemental concentration of 101.45 ppm and pH 
about 4.9 (Table 3). 
In an earlier exploratory study ( 4), seedlings of Scots pine prove-
nances from Spain, Germany, and Sweden were grown from seed in the 
greenhouse using an inert potting mixture to which three levels of a com-
plete ( 20-10-20) fertilizer had been added. There were significant dif-
ferences, with seedlings of the Spanish origin growing better at lower nu-
trient le\'cls than the German and Swedish trees. Detection of small 
differences between seedlots or determination of "optimum" nutrition 
levels for best growth was not possible. 
1Professor and Associate Chairman, Department of Forestry, Ohio Agricultural Research 
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Purposes of studies reported here were: 1) to investigate variations 
in survival and growth of seedlings of a larger number of Scots pine prov-
enances grown at a wider range of nutrient levels, and 2) to determine 
concentrations of a balanced nutrient solution desirable for optimum 
growth of seedlings of different Scots pine seed sources. 
METHODS AND MATERIALS 
Two separate studies were conducted. In the first, seedlings of 10 
provenances of Scots pine were grown at 5 nutrient levels for 8 months. 
TABLE 1.-Proportions of Elements in Root Media for Optimum 
Growth o~ Scots Pine Seedlings (9). 
Proportion, 
Element Percent by Weight 
Nitrogen 100 
Phosphorus 13 
Potassium 65 
Calcium 6 
Magnesium 8.5 
Sulfur 9 
Iron 0.7 
Manganese 0.4 
Boron 0.2 
Copper 0.03 
Zinc 0.03 
Molybdenum 0.007 
Sodium 0.003 
Chlorine 0.03 
TABLE 2.-Locations and Soils of Area of Seed Collections for Scots 
Pine Provenances Used in Studies of Variations in Nutrient Requirements. 
Country 
of Latitude Longitude Elevation 
Origin ON OE m Soil and/ or Parent Material 
Sweden 57.6 15.6 TOO Gravel moraine 
Scotland 57.2 -3.7 250 Thin peat over glacial moraine 
North-France 49.0 7.5 250 Siliceous from Vo•ges sandstone 
Czechoslovakia 48.9 16.2 425 Serpentine 
South -France 45.3 3.7 1000 Granite 
Yugoslavia 44.9 15.4 725 Podzol 
North-Spam 42.6 -0.4 1300 Siliceous derived from granite 
Greece 41.2 23.5 1400 Gneiss and granite 
Central-Spain 40.8 --3.3 1500 Gneiss and granite 
Turkey 40.0 31.1 1450 Calcareous 
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Based on results from that study, 6 provenances were chosen ( 2 each 
exhibiting rdativcly low, intermediate, and high nutrient requirements 
in Study 1) and seedlings were grown at 11 nutrient levels for 6 months. 
Provenances 
Seeds of Scots pine were obtained from research cooperators in Eu-
rope. Each seedlot was collected from 10 or more average trees in a 
stand of several acres. Detailed origin data and limited soils and/ or 
soil parent material data were provided for each seed source (Table 2). 
Nutrient Solutions 
Seedlings were grown in a series of nutrient solutions, all of which 
contained the same ratio of one element to another determined by Inges-
tad ( 9) to be best for growth of Scots pine (Table 1 ) . The control level 
was set at the concentration determined by Ingestad to be "optimum" 
for growth of Scots pine of an undesignated seed source and intervals be-
tween levels were chosen to provide a range from deficiency to near toxic 
high levels for individual seedlings and/ or provenances (Table 3). 
Cultural Techniques 
Seedlings were grown using an aerated solution culture. Plastic 
pots were filled with 3.5 liters of fine ( 3 - 6 mm), inert silica gravel. To 
each pot, 1.5 liters of nutrient solution was added (sufficient to keep so-
lution at or near surface of gravel). A manifold system attached to a 
compressed air source provided continuous aeration. 
TABLE 3.-Concentrations of Nutrient Solutions Used in Studies of 
Variation in Nutrient Requirements of Scots Pine Provenances. 
Total Elemental Percent of Control 
Study 1 Study 2 Concentration Concentration* 
ppm 
10.145 10 
2 40.580 40 
2 55.800 55 
3 71.015 70 
3* 4* 1 01.450* 100* 
5 152.175 150 
6 202.900 200 
7 304.350 300 
8 405.800 400 
4 557.975 550 
9 608.700 600 
10 811.600 800 
5 11 1014.500 1000 
*Control concentration based on optimum for growth of Scots pine (of undesignated pro-
venance) as determined by Ingested (9). 
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Seed was germinated in inert silica sand; 1 week after germination, 
two seedlings per secdlot were transplanted into each pot, with three pots 
(replicates) per seedlot. All pots were filled initially with nutrient so-
lution at the lowest concentration (Table 3). After 1 week, pots were 
drained and refilled with nutrient solutions at levels used in the respec-
tive studies, 5 in Study 1 and 11 in Study 2. Thereafter, nutrient solu-
tions were changed weekly throughout the 8- and 6-month lengths of 
Studies 1 and 2, respectively. Supplemental incandescent and fluores-
cent lighting maintained a minimum 16-hour light period. Light in-
tensity during the light period varied from approximately 700 to 6,000 
foot candles, depending on time of day and/ or year. At the end of each 
experiment, seedlings were removed from pots and washed. Each was 
cut into top and root, measured, and weighed on an oven-dry basis. 
Statistical Analyses 
A plot was the one or two seedlings surviving in a pot and plot 
means were used as items in analyses. The experiments were analyzed 
as completely randomized factorials, with 10 provenances, 5 nutrient 
levels, and 3 replications in Study 1 and 6 provenances, 11 nutrient 
levels, and 3 replications in Study 2. In addition, separate single factor 
analyses of variance were run for individual provenances and/ or nu-
trient levels to permit statistical comparison of differences which might 
he obscured by large variations in survival and growth at the wide range 
of nutrient levels. 
RESULTS AND DISCUSSION 
In both studies, there were statistically significant differences ( 0.01 
-0.05 probability levels) due to provenance, fertility level, and interac-
tions between the two for all plant parts studied. In view of objectives 
of the studies, only main effects for provenance and provenance x fertili-
ty level interactions will he discussed. 
Survival 
In Studies 1 and 2, all seedlings survived at nutrient concentrations 
up to and generally well above those reported by Ingestad as optimum 
for growth of Scots pine seedlings (Table 4). There were significant 
differences between provenances in survival of seedlings at nutrient con-
centrations 550 and 1,000 percent of the control in Study 1 and 600 to 
1,000 percent of the control in Study 2. In Study 1, best average sur-
vival for the two highest nutrient concentrations occurred for seedlings 
of Scottish, south-French, and Turkish origins; in Study 2 it was best for 
seedlings of south-French and Turkish provenances and survival of seed-
lings of those origins was also best at individual nutrient levels 6, 8, and 
1 0 times that of the control. 
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Poorest average survival at the two highest nutrient levels in Study 
occurred for seedlings of provenances from northern France, Yugo-
slavia, northern and central Spain, and Greece. In Study 2, average 
survival at higher nutrient concentrations was lowest for seedlings of 
seed sources from Yugoslavia and central Spain and survival of seedlings 
of those origins was also lowest at all individual levels 4 to 10 times that 
of the control solution (Table 4). 
For seedlings of provenances from Sweden and Czechoslovakia, 
average survival values and survival at individual higher nutrient levels 
were generally intermediate and statistical significance usually over-
lapped that for the two groups discussed previously in both studies. 
Seedling Growth 
Total weights of seedling tops and roots were most indicative of 
changes in nutrient concentrations and are used as the primary basis for 
comparisons that follow. Stem and needle weights showed similar re-
sponse to changes in nutrient levels and in most cases maximums for the 
two occurred at the same concentration; where they did not, variation 
was never more than one nutrient level above or below that for total 
top weight. Lateral root weights also closely paralleled total root 
weights and in nearly all instances, maximums for the two were at the 
same nutrient level. Highest tap root weights always occurred at a 
TABLE 4.-Percent Survival of Seedlings of Scots Pine Provenances 
Grown in Balanced Nutrient Solutions Having Varying Total Concentra-
tions.* 
Nutrient Concentration, Percent of Control Level 
Country Study 1 Study 2 
of 
Origin 550 1000 Av.t 400 600 800 1000 Av.t 
Sweden 100 33 67 100 83 67 33 71 
Scotland 100 67 83 
North-France 50 17 33 
Czechoslovakia 83 50 67 100 83 50 33 67 
South-France 100 67 83 100 100 83 67 88 
Yugoslavia 50 17 33 83 50 33 17 46 
North -Spa in 50 0 25 
Greece 67 17 42 
Central-Spain 67 17 42 83 67 33 0 46 
Turkey 100 67 83 100 100 83 50 83 
LSD oo 31 41 25 NS 36 47 42 18 
*Survival was 100% for seedlings grown at nutrient concentrations lower than those 
indicated. 
tAverage survival of seedlings grown at two highest nutrient concentrations in Study 1 
and four highest concentrations in Study 2. 
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higher nutrient level than tho~e at which heaviest total and lateral root~ 
were found. 
Average Weights of Tops and Roots: In Study 1, weights of 
seedlings of the northeastern French provenance were significantly heav-
iest, followed by the seed sources from Czechoslovakia and Yugoslavia. 
In Study 2, seedlings of origins from Czechoslovakia and Yugoslavia 
were first and second (Table 5). Other studies of greenhouse, nursery, 
and field-grown trees have identified central European origins as fastest 
growing of the Scots pine varieties, and rankings, based primarily on 
height, were similar to those in this study (2, 10, 13, 14, 15). In both 
studies, seedlings of the Swedish provenance had lowest top and root 
weights, followed by seedlings of provenances from isolated portions of 
the species range: northern Spain, southern France, Greece, central 
Spain, Turkey, and Scotland in Study 1 and southern France, central 
Spain, and Turkey in Study 2. Similar results, although not necessarily 
in the same ranking order, have been noted in other studies. 
TABLE 5.-Average Weights of Tops and Roots (for All Nutrient Con-
centrations) for Greenhouse-grown Seedlings of Scots Pine Provenances.* 
Total Total Total 
Top Root Plant 
Provenance Weight Weight Weight 
grams 
Study 1 (8 months) 
Sweden 4.9 1.2 6.1 
Scotland 7.8 1.8 9.6 
North-France 11.6 2.8 14.4 
Czechoslovakia 9.1 2.3 12.4 
South-France 5.9 1.4 7.3 
Yugoslav1a 8.7 2.2 10.9 
North -Spa m 5.0 1.3 6.3 
Greece 6.4 1 5 7.9 
Central-Spain 7.4 1.8 9.2 
Turkey 7.5 1.9 9.4 
LSDo; 1.0 0.4 1.2 
Study 2 (6 months) 
Sweden 3.8 0.9 4.7 
Czechoslovakia 7.4 1.5 8.9 
South-France 5.0 0.9 5.9 
Yugoslavia 7.1 1.5 8.6 
Central-Spain 5.3 1.3 6.6 
Turkey 6.2 1.4 7.6 
LSD.o; 0.6 0.2 0.7 
*Average weights based on seedlinqs that survived at all nutrient levels 
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Provenance-Fertility Interactions for Heaviest Top Weights: 
In both studies, there were significant differences between provenances 
in nutrient levels at which highest seedling shoot weights occurred 
(Tables 6 and 7). In Study 1, seedlings of origins from Scotland, 
Czechoslovakia, and Turkey had heaviest tops at the nutrient level 5.5 
times that of the control solution, while shoots of the seed source from 
northern Spain were heaviest at the control level. Seedlings of the re-
maining six provenances had statistically similar highest shoot weights 
at nutrient levels 1 and 5.5 times that of the control. Of those six, how-
ever, only the Swedish origin had 100% survival at the concentration 
5.5 times that of the control (Table 4). 
Results in Study 2 were better defined. Seedlings of the south-
French and Turkish provenances required the highest nutrient levels for 
maximum shoot weights ( 1.5 to 3.0 times that of the control), while 
seedlings of seed sources from central Spain and Yugoslavia had lowest 
nutrient requirements for heaviest top weights ( 1.5 times the control). 
Shoots of seedlings of provenances from Sweden and Czechoslovakia 
were heaviest at concentrations 1.5 to 2.0 times the control. 
Provenance-Fertility Interactions for Heaviest Root Weights: 
Root weights were more sensitive to changes in nutrient concentration" 
than were top weights. In both studies, root weights usually reached 
maximums at well-defined peaks and weights were significantly lower 
above and below those maximums (Tables 6 and 7). Additionally, the 
tap root became an increasingly larger component of the root system at 
nutrient levels above those where highest total root weights occurred. 
In Study 1, total root weights were heaviest for seedlings of all prove-
nances at the control concentration (Table 6). In Study 2, root weights 
generally paralleled top weights, except that maximums were reached 
at one to three nutrient levels below those where heaviest tops were pro-
duced. 
Ingestad ( 6, 7, 8) noted similar results. Highest seedling root 
weights occurred at nutrient levels: 100 to 200% of the control for the 
Turkish source; 100 to 150% of the control for those of the Swedish and 
south-French origins; at the 100% level for those of the Czechoslovakian 
provenance; and 70 to 100% of the control for seedlings of origins from 
Yugoslavia and central Spain. 
Relative Weights of Tops and Roots at Low arnd High Nutrient 
Levels: As indicated in Tables 6 and 7, weights of seedling tops and 
roots increased rapidly in response to increasing nutrient concentrations 
at lower nutrient levels and once maximums were reached, weights de-
clined gradually in response to further increases in nutrient concentra-
tion. Similar results were noted by Ingestad ( 6, 7, 8) . In both of the 
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TABLE 6.-Relative Weights of 8-Month-Oid Seedlings of Scots Pine Provenances Grown at Varying Nutrient 
Levels in Study 1.* 
Nutrient Level Provenance 
Percent of Control SWE SCOT N-FRA CZECH S-FRA YUGO N-SPA GRE C-SPA TURK LSD oo 
-~~-~--~~~------- ---- ----·---· ---------------------·- -· 
Percent of Seedlot Mean 
Total Seedling Top 
10 1 2 2 1 1 3 5 3 4 2 
55 60 58 74 60 54 75 92 86 78 57 15 
100 173 175 145 141 161 147 161 136 156 147 16 
550 162 208 149 162 166 147 141 138 148 168 25 
0 1000 104 80 126 136 119 123 117 114 126 t 
LSD"' 20 21 19 20 24 21 19 20 16 20 
Total Seedling Root 
10 7 8 11 6 6 16 24 16 21 8 5 
55 100 95 124 116 93 121 127 123 125 97 21 
100 190 186 151 186 218 171 164 155 176 192 26 
550 133 165 120 137 127 131 88 112 113 124 28 
1000 69 60 94 102 71 72 96 66 81 t 
LSD OS 17 21 25 23 19 22 22 22 24 26 
*Relative weights based on seedlot means listed in Table 5. 
+Insufficient data for statistical analyses because of high mortality of seedlings (Table 4). 
present studies there were significant differences between provenances 
in relative weights ( Yalues expressed as a percent of provenance means) 
of seedlings at individual nutrient levels, particularly at lower concen-
trations (Tables 6 and 7). In Study 1, significantly higher relative 
weights at nutrient levels below the control occurred for seedlings of 
provenances from northern Spain, Greece, central Spain, northern 
France, and Yugoslavia; in Study 2, they were highest for seedlings of 
origins from central Spain and Yugoslavia. Relative weights at lower 
nutrient levels were generally lowest for seedlings of Scottish, south-
TABLE 7.-Relative Weights of 6-Month-Oid Seedlings of Scots Pine 
Provenances Grown at Varying Nutrient Levels in Study 2.* 
Nutrient Level Provenance 
Percent of Control SWE CZECH S-FRA YUGO C-SPA TURK LSD" 
Percent of Seedlot Mean 
Total Seedling Top 
10 '2 3 3 
40 34 31 24 36 40 22 13 
70 58 59 49 70 75 49 17 
100 150 104 123 100 101 93 30 
150 178 168 160 172 172 156 NS 
200 174 163 158 158 150 165 NS 
300 134 140 152 146 138 160 NS 
400 121 129 126 134 122 139 NS 
600 106 124 120 120 109 129 NS 
800 81 99 105 92 98 96 t 
1000 64 82 80 71 88 72 t 
LSD"' 20 21 21 21 21 20 
Total Seedling Root 
10 7 7 7 16 18 7 5 
40 69 79 54 104 96 51 23 
70 99 116 78 165 151 85 27 
100 189 171 158 163 156 161 NS 
150 186 158 158 123 127 167 31 
200 162 132 154 114 118 162 30 
300 117 122 127 113 115 134 NS 
400 98 110 106 103 101 115 NS 
600 71 84 98 85 87 94 NS 
800 51 61 76 72 69 71 t 
1000 38 29 68 46 59 51 t 
LSD"' 24 25 23 28 27 27 
*Relative weights based an seedlat means listed in Table 5 
NS-Differences nat statistically significant. 
·!·Insufficient data for statistical analyses because of high mortaltty of seedlings (Table 4). 
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French, and Turki:;;h provenances and intermediate for seedlings of 
Swedish and Czechoslovakian origins. 
Differences in relative weights of tops and roots at nutrient concen-
trations above the control level were not as well-defined. Seedlings of 
provenances which had best relative growth at levels below the control 
had lowest relative weights of tops and roots at 5.5 times the control level 
in Study 1 and roots had lower relative weights at levels 1.5 and 2.0 
times the control in Study 2. However, there were no consistent differ-
ences between groups which had shown low to intermediate relative 
weights at levels below the control concentration (Tables 6 and 7). 
Seedling Shoot and Needle Lengths, Averages and Nutrient 
Levels for Maximum Growth: Differences between provenances in 
average top lengths followed trends for seedling weights discussed pre-
TABLE 8.-Average Top and Needle Lengths and Nutrient Concentra-
tions at Which Maximum Lengths Occurred for Greenhouse-grown Seed-
lings of' Scots Pine Provenances. 
Nutrient Levels for 
Averoge Length ~ximum Leng~ 
Poovenance Top Needles Top Needles 
mm Percent of Control Level 
Study 1 (8 months) 
Sweden 156 101 100-550 100-550 
Scotland 194 101 100-550 55·550 
North-France 238 141 1 00·550 55-1000 
Czechoslovakia 216 137 100-550 1 00·1 000 
South-France 159 90 100-550 100-1000 
Yugoslavia 207 110 100-550 55-550 
North Spain 149 82 100-550 100-550 
Greece 186 106 100-550 55-1000 
Central-Spain 174 92 100 550 55·550 
Turkey 178 116 550 55-1000 
LSD,, 20 13 
Study 2 (6 months) 
Sweden 122 103 150-400 150-600 
Czechoslovokoo 158 140 100-300 150-400 
South-France 118 98 150-300 100-1000 
Yugoslavia 143 117 100-300 100-800 
Central-Spain 135 95 150-300 150-800 
Turkey 130 118 100-400 100-400 
LSDo, 12 9 
•Nutroent levels for maximum qrowth as determoned usong Duncan's multiple range 
test woth 0.05 probability level. 
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viously for these studies and also trends for top lengths shown for Scots 
pine in other studies (2, 13, 14, 15). Seedlings of central European 
provenances from northern France, Czechoslovakia, and Yugoslavia 
were tallest and those from Sweden, northern Spain, and southern 
France were shortest. However, top lengths did not show close response 
to variations in nutrient concentrations. In Study 1, statistically simi-
lar maximum shoot lengths for individual provenances usually occurred 
over a range of two nutrient concentrations, while in Study 2, maximums 
were found over a range of three to five levels (Table 5). 
Ranking of provenance needle lengths was also approximately the 
same as those noted in other studies ( 13, 14, 15). Seedlings of seed 
sources from northern France and Czechoslovakia had longest needles 
and those from northern and central Spain and southern France had the 
shortest (Table 8). However, average lengths of needles were consid-
erably longer than those noted in other studies, probably because a ma-
jority of nutrient concentrations in both studies were at levels favorable 
for maximum needle growth. Needle lengths generally reached maxi-
mums at or one or two nutrient levels below those at which maximum 
top weights were found. Above that point, needle lengths remained 
approximately constant up to concentrations near the highest used. 
CONCLUSIONS 
Seedlings of Scots pine provenances grown in these studies were 
characterized by certain combinations of traits, depending on their com-
parative nutrient requirements. Those having best growth at relatively 
high nutrient levels also had better survival at highest concentrations and 
slower relative growth at lower levels. Conversely, seedlings of origins 
displaying relatively low nutrient requirements had very poor survival 
at higher nutrient levels and faster relative growth at low nutrient con-
centrations. No relationships were noted between nutrient require-
ments of seedlings of different provenance and average weights and/ or 
lengths of seedling shoots, roots, or needles. 
Designation of optimum concentrations of the balanced nutrient 
solution used in these studies for growth of seedlings of different Scots 
pine provenances can best be based on levels at which maximum root 
growth occurred. At that concentration, top growth would not be at 
its greatest but tops would be sufficiently large to provide seedlings with 
excellent top-root balance. Survival at higher nutrient concentrations 
and relative growth at lower levels can also be used as a guide, particu-
larly for those provenances used in Study 1 but not Study 2. 
The following three groups are recognized, based on the control 
concentration set at Ingestad's (9) optimum ( 101.45 ppm total concen-
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tration) for growth of Scots pine seedlings: 1) optimum total concentra-
tion 70 to 100 ppm: northern France, Yugoslavia, northern and central 
Spain, and Greece; 2) optimum total concentration 100 to 150 ppm: 
Sweden and Czechoslovakia; and 3) optimum total concentration 100 
to 200 ppm: southern France, Turkey, and Scotland. 
Although there were significant differences in nutrient require-
ments for the 10 greenhouse-grown seed sources of Scots pine used in 
these studies, additional research is needed to determine if those differ-
ence~ would be of importance under field conditiom. However, there 
arc a number of possibilities. High fertility levels maintained in many 
forest nurseries could result in seedlings with higher than desirable top-
root balance for many commonly grown provenances of Scots pine. 
Also, if characteristics observed in the greenhouse carry over to out-
planted seedlings, relatively rapid growth of some seed sources at lower 
nutrient levels could improve survival and establishment on low fertility 
sites. Additionally, ability to survive at higher concentrations might 
prove advantageous to survival and growth on sites where high salt con-
centrations are present in soil, such as near roadsides. 
LITERATURE CITED 
1. Brown, J. H. 1967. Effects of time of summer pruning on limb 
development and shoot growth of five geographic origins of Scotch 
pine. W. Va. Univ., Agri. Exp. Sta. Bull. 543. 24 pp. 
2. Brown, J. H. 1969. Variation in roots of greenhouse grown seed-
lings of different Scotch pine provenances. Silvae Genetica, 18: 
111-117. 
3. Brown, J. H. 1969. Effect of root pruning and provenance on 
shoot and root growth of Scotch pine seedlings. W. Va. Univ., 
Agri. Exp. Sta. Bull. 548T. 16 pp. 
4. Brown, J. H. 1970. Seedling growth of three Scotch pine proven-
ances with varying moisture and fertility treatments. For. Sci., 
16: 43-45. 
5. Gerhold, H. D. 1959. Seasonal variation of chloroplast pigments 
and nutrient elements in the needles of geographic races of Scotch 
pine. Silvac Genetica, 8: 113-123. 
6. Ingestad, T. 1957. Studies on the nutrition of fore~t tree ~ccd­
lings. I. Mineral nutrition of birch. Physiologia Plantarum, 
10: 418-439. 
7. Ingest ad, T. I 959. Studies on the nutrition of forest tree seed-
lings. II. Mineral nutrition of spruce. Physiologia Plantarum, 
12: 568-593. 
14 
8. Ingestad, T. 1960. Studies on the nutrition of forest tree :o.eed-
lings. III. Mineral nutrition of pine. Physiologia Plantarum, 
13: 513-533. 
9. Ingestad, T. 1967. Methods for uniform fertilization of forest 
tree plants. XIV IUFRO Congress, Munich. Sec. 22: 266-269. 
10. Ruby, J. L. and J. W. Wright. 1976. A revised classification of 
geographic varieties in Scots pine. Silvae Genetica, 25: 169-175. 
11. Steinbeck, K. 1965. Variations in the foliar mineral content of 
five widely separated seedlots of Scotch pine. Quart. Bull., Mich. 
Agri. Exp. Sta., 48( 1) :94-100. 
12. Steinbeck, K. 1966. Site, height and mineral nutrient content 
relations of Scotch pine provenances. Silvae Genetica, 15 ( 2) : 
42-50. 
13. Wright, J. W. and W. I. Bull. 1963. Geographic variation in 
Scotch pine, results of a 3-year Michigan study. Silvae Genetica, 
12: 1-25. 
14. Wright, J. W., W. A. Lemmien, J. N. Bright, M. W. Day, and 
R. L. Sajdak. 1976. Scotch pine varieties for Christmas tree and 
forest planting in Michigan. Mich. State Univ., Agri. Exp. Sta. 
Res. Rept. 293. 16 pp. 
15. Wright, J. W., S. S. Pauley, R. B. Polk, J. J. Jokela, and R. A 
Read. 1966. Performance of Scotch pine varieties in the north-
central region. Silvae Genetica, 15: 101-110. 
15 
The State Is the Campus for 
Agricultural Research and Development 
VEGETABLE 
CROPS BRANCH 
• MAHONING CO. NORTHWESTERN • 
BRANCH MUCK CROPS e 
BRANCH 
FARMe 
WOOSTER 
• CENTER 
HEADQUARTERS 
NORTH APPALACHIAN 
EXPERIMENTAL WATERSHED e 
WESTERN • 
BRANCH 
COLUMBUS 
• THE OHIO STATE 
UNIVERSITY 
•POMERENE FOREST 
LABORATORY 
EASTERN OHIO RESOURCE 
DEVELOPMENT CENTER 
• 
JACKSON• 
BRANCH 
Ohio's major soil types and cli-
matic conditions are represented at 
the Research Center's 12 locations. 
Research is conducted by 15 de-
partments on nearly 7,000 acres at 
Center headquarters in Wooster, 
eight branches, Pomerene Forest La-
boratory, North Appalachian Experi-
mental Watershed, and The Ohio 
State University. 
Center Headquarters, Wooster, ·wayne 
County: 1953 acres 
Eastern Ohio Resource Development 
Center, Caldwell, Noble County: 
2053 acres 
Jackson Branch, Jackson, Jackson 
County: 502 acres 
Mahoning County Farm, Canfield: 
275 acres 
Muck Crops Branch, Willard, Huron 
County: 15 acres 
North Appalachian Experimental Wa-
tershed, Coshocton, Coshocton 
County: 1047 acres (Cooperative 
with the Science and Education 
Administration/ Agricultural Re-
search, U. S. Dept. of Agricul-
ture) 
Northwestern Branch, Hoytville, Wood 
County: 247 acres 
Pomerene Forest Laboratory, Coshoc-
ton County: 227 acres 
Southern Branch, Ripley, Brown 
County: 275 acres 
Vegetable Crops Branch, Fremont, 
Sandusky County: 105 acres 
Western Branch, South Charleston, 
Clark County: 428 acres 
